Background: Knee laxity in the setting of anterior cruciate ligament (ACL) injury is often assessed through physical examination using the Lachman, pivot shift, and anterior drawer tests. The degree of laxity noted on these examinations may influence treatment decisions and prognosis.
Physical examination using the Lachman, 29 pivot shift, 4, 12 and anterior drawer tests 16 is frequently used by the treating physician to diagnose an anterior cruciate ligament (ACL) injury. These physical examination tests often reveal increased laxity when the ACL is ruptured, but the degree of increased laxity varies greatly among patients. The information that variability in laxity among ACL-injured patients may provide in regard to decisions and prognosis has not been extensively evaluated.
The presence of a relatively high degree of knee laxity in a patient's knee after sustaining an ACL injury may indicate the presence of concomitant injuries in addition to the ACL tear. 15 Prior work has demonstrated that injury to the menisci 15, 19 and patient factors such as age and sex 15 are associated with increased knee laxity before reconstruction. 19 In addition to these factors, increased laxity may be associated with increased risk of capsular injury, particularly in the anterolateral aspect of the knee. 28, 30 Patients with high-grade prereconstruction laxity (defined as a Lachman or anterior drawer examination .10 mm different from the contralateral side or a 31 pivot shift) have been previously shown to be at increased risk to undergo revision ACL reconstruction within 2 years, 14 but longer term effects and the relationship between increased knee laxity and risk of subsequent contralateral ACL injury are unknown.
The purpose of this study was to determine whether high-grade laxity of the injured knee as assessed by the surgeon during an examination under anesthesia before ACL reconstruction is predictive of subsequent ACL revision risk, contralateral ACL reconstruction risk, and patient-reported outcomes after ACL reconstruction. The hypothesis tested was that increased preoperative knee laxity would be predictive of increased risk of subsequent revision ACL reconstruction, increased risk of subsequent contralateral ACL reconstruction, and poorer patientreported outcomes at 6 years postoperatively.
METHODS

Patients
Between 2002 and 2008, 2859 patients who underwent ACL reconstruction were identified and enrolled in a prospective outcome study. All patients underwent intraarticular ACL reconstruction without associated extraarticular reconstructions or lateral tenodeses. All patients underwent the same rehabilitation protocol. 33 For the current study, those undergoing revision surgery (n = 321) or simultaneous bilateral reconstructions (n = 13), as well as those with associated grade 2 or 3 collateral ligament injuries (n = 167) or posterior cruciate ligament tears (n = 25), were excluded, leaving 2333 patients who were eligible for inclusion ( Figure 1 ). Institutional review board approval was obtained at participating institutions.
Data Extraction
Prospective data collection included patient age, sex, ethnicity, marital status, and body mass index (BMI); smoking status; knee laxity during examination under anesthesia before ACL reconstruction; sport at injury; level of competition; graft type; data regarding meniscal and articular cartilage status; preoperative and 6-year postoperative subjective International Knee Documentation Committee (IKDC), 8 Knee injury and Osteoarthritis Outcome Score Knee-Related Quality of Life (KOOS-QOL), 24 and Marx activity rating scores; 18 the incidence of subsequent revision ACL reconstruction within 6 years of the index surgery; and the incidence of subsequent contralateral ACL reconstruction within 6 years of the index surgery. Ethnicity was classified as white, black, other, or unknown, and marital status was documented as single, married, or other. Patients were classified as either a recent smoker (current smoker or quit within 6 months of study consent) or not a recent smoker (nonsmoker or quit .6 months before study consent). It was documented whether the patient was playing a sport at injury, and, if so, the sport was classified as football, soccer, basketball, or other. Level of sport competition was recorded as competitive (high school, club, collegiate, or professional) or recreational. Graft type was classified as patellar tendon autograft, hamstring tendon autograft, quadriceps autograft, or allograft (this category included hybrid grafts containing both autograft and allograft material). Status of the medial and lateral menisci at the end of the index procedure was 17 the grade for each compartment was dichotomized (based on the worst score in that compartment) as minimal (modified Outerbridge 0 or 1) or significant (modified Outerbridge 2, 3, or 4) cartilage injury. Knee laxity was reported according to the IKDC classification system. 6 High-grade laxity was defined by the IKDC Lachman, anterior drawer, or pivot shift outcome (Lachman or anterior drawer examination .10 mm different from the contralateral side or a 31 pivot shift).
Statistics
Multiple logistic regression modeling was used to evaluate whether high-grade prereconstruction laxity was predictive of risk of subsequent revision ACL reconstruction. Other variables evaluated as potential confounders or effect modifiers included patient age, sex, ethnicity, smoking status, marital status, and BMI; Marx activity rating score at reconstruction; sport at injury; level of competition; graft type; medial and lateral meniscal status; and articular cartilage status. Given the number of surgeons in the study, surgeon could not be included in the model due to lack of power. A separate analysis demonstrated no significant effect of surgeon on graft failure risk. A forward selection modeling procedure was used with variables sequentially added to the model and kept in the model if they resulted in a change in the odds ratio (OR) of the variable of interest of greater than 0.05. The final model included patient age, sex, BMI, Marx activity rating score, sport, graft type, medial meniscal treatment, and lateral meniscal treatment. Patients who received quadriceps autografts were excluded from this analysis given the small number of such patients (n = 3). Based on the 16 degrees of freedom required to model these potential predictor variables, the 146 ''events'' (revision ACL reconstructions) recorded during the 6-year follow-up period provided sufficient power for this analysis. The analysis was repeated with the presence of high-grade laxity on at least 2 of the 3 examinations (Lachman, highgrade pivot shift, and high-grade anterior drawer) and the presence of high-grade laxity on all 3 examinations as the primary independent variable. Finally, the same model was used to evaluate whether the presence of high-grade laxity was a predictor of subsequent contralateral ACL injury (n = 156 events). Consideration was given to the possibility of significant interaction terms. Based on clinical relevance, the interactions between graft type and each measure of laxity were modeled, and no significant interactions were noted. These terms were therefore not included in the models. In addition, because of concern regarding variation in laxity assessment among surgeons, a separate logistic regression was performed to evaluate whether surgeon was a significant predictor of revision risk, controlling for known predictors of revision in this data set (age and graft type). Surgeon was not a predictor of revision risk and was not included in any further models.
Multiple linear regression modeling was used to evaluate whether high-grade prereconstruction laxity was predictive of subjective IKDC score or KOOS-QOL at 6 years postoperatively; the model controlled for baseline score; patient age, sex, ethnicity, smoking status marital status, and BMI; Marx activity rating score at reconstruction; sport at injury; level of competition; graft type; medial and lateral meniscal status; and articular cartilage status. The presence of interactions between all included predictors was evaluated, and no significant interactions were identified. The analysis was repeated with the presence of high-grade laxity on at least 2 of the 3 examinations (Lachman, high-grade pivot shift, and high-grade anterior drawer) and the presence of high-grade laxity on all 3 examinations as the primary independent variable.
RESULTS
Prereconstruction laxity data were available for 2325 patients (99.7%). Patient characteristics at the time of surgery are described in Table 1 . In total, 743 of 2325 patients (32.0%) were noted to have high-grade laxity on at least 1 physical examination test. High-grade pivot shift was most frequently identified (617 patients, 26.5%), with highgrade Lachman (334 patients, 14.4%) and high-grade anterior drawer (233 patients, 10.0%) also identified. The proportion of patients noted to have high-grade laxity varied among the 17 surgeons (Table 2 ) but was not dependent on volume of reconstructions performed.
Six-year revision data were available for 2129 patients (91.6%), and patient-reported outcomes were available for 1961 patients (84.3%). ACL graft revision was performed in 147 patients (6.9%), including 94 patients who underwent revision within the first 2 years after primary ACL reconstruction and 53 patients who underwent revision surgery between 2 and 6 years after primary ACL reconstruction. In the multiple logistic regression model, identification of high-grade prereconstruction laxity on at least 1 physical examination test was predictive of significantly increased odds of subsequent ACL graft revision (OR, 1.73; 95% CI, 1.19-2.51; P = .004). High-grade pivot shift (OR, 1.75; 95% CI, 1.19-2.54; P = .002) and Lachman (OR, 1.76; 95% CI, 1.10-2.80; P = .020) were also predictive of increased revision risk, while the relationship between high-grade anterior drawer and revision surgery was not statistically significant (OR, 1.60; P = .098) ( Table 3 ). The absence of significant interactions between predictor variables demonstrates that none of the covariates included in the model affected failure risk in patients in the highgrade laxity group differently than in patients without increased laxity.
Subsequent contralateral ACL reconstructions were performed in 156 patients (7.3%), including 68 patients who underwent contralateral ACL reconstruction within the first 2 years after primary ACL reconstruction and 88 patients who underwent contralateral ACL reconstruction between 2 and 6 years after primary ACL reconstruction. In the multiple logistic regression model, only the presence of a high-grade prereconstruction Lachman was predictive of significantly increased odds of contralateral ACL reconstruction (OR, 1.68; 95% CI, 1.09-2.69; P = .019). High-grade pivot shift (OR, 1.30; P = .16) and anterior drawer (OR, 1.14; P = .64) were not predictive of increased odds of contralateral ACL reconstruction (Table 4 ).
The mean 6 SD 6-year IKDC score was 82.6 6 16.2, the mean KOOS-QOL score was 75.3 6 22.2, and the mean 6-year Marx activity score was 7.4 6 5.0. The mean IKDC score was 80.9 6 17.5 in the high-grade laxity group and 83.3 6 15.7 in the group without high-grade laxity. The mean 6-year KOOS-QOL score was 73.2 6 23.2 in the high-grade laxity group and 76.3 6 21.6 in the group without high-grade laxity. The mean 6-year Marx activity score was 7.0 6 5.1 in the high-grade laxity group and 7.6 6 5.0 in the group without high-grade laxity. In an analysis that controlled for baseline score; patient age, sex, ethnicity, smoking status, marital status, and BMI; Marx activity rating score at reconstruction; sport at injury; level of competition; graft type; medial and lateral meniscal status; and articular cartilage status, the presence of high-grade prereconstruction laxity was predictive of significantly lower 6-year IKDC (b = 22.26; P = .003), KOOS-QOL (b = 22.67; P = .015), and Marx activity scores (b = 20.54; P = .020) ( Table 5 ). When patients who underwent a subsequent revision or contralateral ACL reconstruction were excluded from the analysis, the presence of high-grade prereconstruction laxity remained predictive of significantly lower 6-year IKDC score (b = 21.86; P = .021), with a trend toward lower 6-year KOOS-QOL score (b = 22.03; P = .070) and Marx activity level (b = 20.56; P = .077).
DISCUSSION
The most important finding of this study is that the presence of high-grade preoperative knee laxity was predictive of significantly increased odds of subsequent revision ACL surgery within 6 years. The presence of high-grade preoperative Lachman was also predictive of an increased risk of subsequent contralateral ACL reconstruction within 6 years of the initial ACL injury, while a high-grade pivot shift or anterior drawer demonstrated no such relationship. Previous work has demonstrated high-grade preoperative laxity to be associated with increased risk of revision ACL reconstruction at 2 years. 14 The increased risk of subsequent graft tears and contralateral ACL tears in the high-grade laxity patient population makes this population an important group for further study. An important question when considering the treatment of these patients is whether the increased risk of subsequent injury in the high-grade laxity group is related to knee-specific (injury) factors or patient factors. This study provides insight into this question through the separate analyses of the risk of revision ACL reconstruction and contralateral ACL reconstruction. In this cohort, high-grade prereconstruction Lachman was predictive of increased odds of subsequent revision ACL reconstruction and contralateral ACL reconstruction, while high-grade pivot shift was predictive only of increased odds of revision ACL reconstruction. The finding that high-grade pivot shift affected the risk of subsequent revision ACL reconstruction but not contralateral ACL reconstruction may indicate that knee-specific injury factors are at play. Patients with a high-grade pivot shift may represent a subset of patients in whom to study the efficacy of doublebundle ACL reconstruction or ancillary stabilization procedures that could augment standard intra-articular ACL reconstruction. Some authors have suggested that double-bundle reconstruction or additional augmentation procedures in such patients to control high-grade laxity may improve outcomes. 13, 21 The extra-articular procedures in particular have seen increased interest in recent years 26 after widespread discussion of the anatomy and function of the anterolateral ligament complex of the knee, 1,25,30 but consistent, high-quality data regarding surgical indications and outcomes are still lacking.
In contrast, patients with a high-grade Lachman demonstrated similarly increased odds of both subsequent revision ACL reconstruction and contralateral ACL reconstruction. These relationships may be related to the drivers of high-grade Lachman and pivot shift findings, including generalized ligamentous laxity and associated injuries. Previous work has demonstrated that generalized joint laxity may be associated with increased risk of ACL injury, particularly in females. 20 Recent work has also demonstrated that patients with generalized ligamentous laxity as determined by a modified Beighton score had increased risk of both ACL graft and contralateral ACL injury within 6 years of ACL reconstruction. 11 Further work is needed to better understand these relationships.
This study also demonstrated a small, but statistically significant negative effect of high-grade preoperative laxity on patient-reported outcomes 6 years after ACL reconstruction. However, the 2-to 3-point decreases in outcome score do not approach the clinically significant differences established for the subjective IKDC (10 points) and KOOS-QOL scores (8-10 points). 32 These differences do represent a change from the 2-year data from this same cohort 14 and others 3, 7 in which prereconstruction laxity had no effect on 2-year patient-reported outcome scores. Were this trend to continue with further follow-up, the differences in patientreported outcomes could become clinically relevant, but the currently exhibited differences are not clinically relevant.
The reason for poorer patient-reported outcomes in the high-grade preoperative laxity group is not clear. As reported above, this group does include a higher proportion of patients who underwent subsequent revision or contralateral ACL reconstruction, potentially affecting patient-reported outcomes. However, a repeated analysis of patient-reported outcome scores that excluded these patients still noted poorer patient-reported outcomes in the high-grade preoperative laxity group. Another possibility is that patients with highgrade preoperative laxity are more likely to develop osteoarthritis than those with less laxity. Prior work has demonstrated that the presence of high-grade preoperative laxity is associated with more chronic ACL tears as well as generalized ligamentous laxity. 15 Recent cross-sectional data indicate that generalized ligamentous laxity is associated with increased risk of knee osteoarthritis. 5 Collection of patient-reported outcome data at 6 years is likely too early to detect the onset of osteoarthritis in many patients. Longer follow-up and radiographic evaluation are necessary to evaluate the effect of high-grade preoperative laxity on osteoarthritis risk.
The strengths of this study include a sample size sufficient for performance of a logistic regression analysis and prospective data collection, which resulted in a very complete data set. The physical examination tests used in the study to assess prereconstruction laxity are in broad clinical use, making the findings relevant to the day-to-day practice of orthopaedic surgeons, and physical examination was performed with the patient under anesthesia in all cases, limiting the effect of guarding on results. Seventeen surgeons at multiple sites were involved in data collection, making the resulting data broadly generalizable.
Limitations inherent to this study must be considered. Primarily, quantitative instruments were not used to assess prereconstruction laxity. Rather, knee laxity was assessed by the treating physician using the IKDC classification system. Previous studies in conscious patients have demonstrated some variability in interrater reliability when classifying laxity in ACL-deficient knees with this system, 9, 10, 23, 31 and variability in the proportions of patients with high-grade preoperative laxity was noted across surgeons in this study. It is not known whether these differences represent variation among surgeons or differences in their individual patient populations. The fact that the examinations were performed under anesthesia in the current study likely improves reliability introduced by patients' guarding, 27 particularly in regard to the pivot shift. 2 While certainly less quantitative than instrumented assessments of laxity that are sometimes used in the research setting, these assessments represent the method of laxity assessment most frequently used by surgeons when they make treatment decisions, making the data quite relevant. The numbers in this study preclude the inclusion of surgeon in the logistic regression models; however, the additional analysis that demonstrated that surgeon was not a significant predictor of revision risk suggests that the relationships between highgrade laxity and outcome identified in this study are driven by true differences in patient knee laxity rather than differences in examination technique by surgeons. A further limitation is the lack of a formal assessment of generalized ligamentous laxity (such as a Beighton score) in this patient population. Such data could provide additional insight into risk factors for graft failure or contralateral ACL injury as discussed above. The use of revision ACL reconstruction as a surrogate for graft failure is a further limitation and may lead to underestimation of graft failure risk; however, this outcome was selected given its clear nature and an inability to assess all patients via magnetic resonance imaging or physical examination to identify graft failures that did not undergo additional reconstructive surgery. An additional limitation is the absence of data regarding persistent knee laxity after ACL reconstruction. Data regarding the persistence of laxity at follow-up could provide insight into the reasons for the increased failure risk in the high-grade laxity population and inform potential treatment options. Finally, graft type was selected by surgeons based on factors not documented in this study. Because some surgeons may have beliefs regarding the performance of certain graft types in patients with high-grade laxity, the distribution of patients with high-grade laxity among graft types may not be consistent. The fact that no significant interactions were noted between graft type and measures of high-grade laxity suggests that the effect of any such differences on the findings of the study is minimal.
CONCLUSION
High-grade preoperative knee laxity is predictive of increased odds of revision ACL reconstruction and contralateral ACL reconstruction 6 years after ACL reconstruction. Poorer patient-reported outcome scores in the highgrade laxity group were also noted, but the difference did not reach a level of clinical relevance.
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